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PRESSUEE DISTRIBUTION Ox THE TAIL SURFACES OF
A PW-8 PURSUIT AIRPLANE IE FLIGEHT.
By Richard V. Khode. T

+

Sunmnnarzry

This notve presents the pressure distribution data obtained
on the tail surfaces of a PW-9 airplane in a aumber of flight
maneuvers. The results given are a part of those obtained in an
extensive investigation of the pressure distribution over all of
the 1lifting and control surfaces of this airplane. They are
given in tabular and curve form, and are discussed briefly in re-
spect to their comparison with the existing tail surface design
specifications. »

This information 1s issued in advance of the report on the
complete investigation, because of the irmmediate interest in tail —
gurface loads occasioned by the results of recent tail surface
pregsure distribution tests and failures occurring in flight.

It should serve as a guide to those designers who wish to insure

structural safety in their airplanes peanding the formulation of

more satisfactory design rules for tall surfaces.
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Introduction

At the present time, specifications for the structural design
o§ tall surfaces are being revised. This has become necessary
with the advent of higher performance and greater maneuverability
in airplanes, both experience, as represented by actuel failures
in the air, znd experiment (Reference 1), indicating that cericzin

of the desizn requirements of the existing specifications were
much too low, particularly with respect to service aircraft of the
pursult or fighter type. In view, therefore, of the interest in
the subject at this time, the important results bearing on the
design of teil surfaces obtained in the pressure distribution
tests on the PW-9 airplane sre presented herewith to supplement
the data obtained on the F6C-4 (Reference 1), and to furnish a
gulde for designérs pending the production of the new specifica-
tions.

The investigation was conducted by the National Advisory Com~
mittee for Aeronautics at Langley Field, Virginia. Complete Tre-
sults of the tests will be presented in a report now in prepara-
tion.

Apparaztus and lethod

The airplane used in these tests was a Boeing PW-9 pursuit
airplane modified in a few minor particulars which do not affect
the significance of the results. Characteristics of this air-

plane are given in Tadle I.
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Heasurements of pressure were made simultaneously at 233 sta-
tions on the right horizontal tail surfaces and 236 stations on
the vertical surfaces, as indicated by the crifice locations
given in the pressure diagrams that follow. Air speed, normal
acceleration at the center of gravity, angular velocity, and
control position were alsc measured simultapeously with the pres-
sures. The method of nmeasuring these quantities does not differ
in any essential feature from the methods used in previous inves-
tigations, and a descfiption will not be given here, but may be
found in the complete report.

Tae precision of the testes is summarized as follows:

1. Individual pressures ....... =3 per cent

Be Total 108GS secsecvncncseeans IB n

3¢ AlT 8D€EAS ecenecirencnecinnn 4 i

4, Acceleration ....... e .2 g

5., Control positions ...ocviu..n 2 degrees
6. Synchronization ceeveeevenn. 1/20 second

Results and Discussion

[

The results are presented in the form of (a) pressure dia-
grams; (D) histories, showing the variation of loads, moments,
alr speed, acceleration, and control position with respect to
time throughout each maneuver; (c) a table; and (d) curves
showing the comparison of the design requirements of the old

specifications with soie of the most severe loads obtained
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in flizht. For most maneuvers only two pressure plots are given
corresponding to maximum positive and negative loads. These, how-
ever, are supplemented by complete setvs cf pressure diagrams for
two of the wmost interesting maneuvers. Single plots are given
for the dive and push-down. The histories given include several
of fthe abrupt power-on pull-ups and a right and left roll at high
speed. In addition, several more mild pull-ups are included as
of some interest, although not indicating any severe loads.

Pressures acting upwards are considered vpositive for the
horizontal surfaces, and are nlotted to the right of the base
lines on the pressure diagrams; and vice versa. Pressures acting
from starboard to port are consicdered positive for the vertical
tail surfaces, and are plotted above the base line, and vice
versa.

The present specifications for the design of tail surfaces
of pursuit type airplanes impose average loads of 45 and 40
pounds ner sQuare foot on the horizontal and vertical surfaces,
respectively. It is interesting, as a »rimary compgrison tetween
observed and specified loads, to note the loads given in the col-
umns of average loads in Table II. It must be borne in mind
while doing this, that the specifications are supposed to incor-
porate a factor of safety of 2; tﬁus, any value given in the ta-
ble ezceeding one-half the gpecified value is to be considered
an overload, and vice versa. It will be noted that the horigoan-

tal tall surface loads in the pull-ups sre generally lower than
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one-half the design load, exceeding this value in runs Nos. 134
and 137 and closély approaching it in run No. 133. In run No.
133 the C.G. acceleration or applied load factor was 8 or one-
half of the design high incidence load factor for this airplane,
making the safety factor for both wings and tail surfaces approx-
imately 2 (on the basis of loads only) in the same maneuver. In
the dives listed, however, the tail loading 1s excessive, being
26.4 and 30.7 pounds per square foot for runs Fos. 213 and 3236,
respectively, indicating that the design requirements should be
revised upwards. Other high loadings on the horizontal surfaces
occur in the high-speed barrel rolls, runs Nos. 23232 and 235, the
values exceeding one-half the design loading, but remaining less
than the dive loadings. It 1s interesting to rote that in the
rolls the maximum up-load is of the same order of magnitude as
the down-loads, whereas in all other maneuvers the down-loads
only are severe,

On the vertical surfaces only two loads listed exceed the
safe value, in the right barrel roll, run No. 332, and in the
pull-out of a dive, run Wo, 236. Since the barrel roll under
discussion was duite severe and may be considered an unusual case,
it is 2ot reasonable to expect that under normal conditions ver-
tical tail surface loads would be so high. The load in the pull-
out is probably a falir one for comparison, however. In this case
the high load was a result of the tendency of the airplane to yaw

as a result of aileron displacement made to counteract a tendency
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to roll at high diving speeds. In other words, it is a result
of the particular rigging of this airplane and would probably
have been much less if the alrplane had been rigged perfectly
symmetrical. The possibility, however, of the vertical surfaces
receiving high loads under what might be considered normal con-
ditions cannot be denied.

Besides the average loading likely to be encountered on the
tail surfaces, the specifications must anticipate the distribu-
tion of load with particular respect to the high concentrations
that may occur in some places, usually the leading edges of sta-
bilizer and fin. The present specifications dispose the load
uniformly over the fizxed surfaces, from whence it decreases un-
til, a%t the trailing edge of the movable element, 1ts value is
one~third the value over the fixed surface. In addition, spe-
cial leading edge loads are applied, extending from the leading
edge back one-fifth of the chord of the fixed surface, and hav-
ing a uniform value equal to three times the specified average
loading. Thus, the leading edge load for a pursuit airplane
stabiliger wbuld be 135 pounds per square foot and for the fin
130 pounds per square foot. On the horizontal surfaces the max-
imum pressures on the leading edge occur in the severe pull-ups
and exceed the specified leading edge velue by a very appreci-
able margin, although, fortunately, they are usually dquite local
in character and do not extend over the specified area. The '

fact that they not only exceed half the specified loading, but
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sctually exceed the whole of it, is well worth noting. 1In all of
these cases (pull-ups), however, the accelerations at the C.G.
were greater than six. Ip the less severe power-on pull-ups,
the maximum pressures are under 135 pounds per square foot, but
in some cases are consgiderably greater thén half that value, in-
dicating that the specifications should be revised'upwards. In
one dive, run No. 336, the pressure was edqual %o that specified
within the experimental error and in run No. 336 was even greater,
and it would seem from this that to double the present leading
edge specified load would give a much more reasonable value.

In no case does the pressure on the leading edge of the fin
exceed the specified value, although in the pull-out it reaches
a value of 90 pounds per square foot. It should be mentloned
here that the vertical tall surfaces of the PW-9 are thin, where-
as the horizontal surfaces are relatively thick.

A few graphical comparisons of some of the most severe rib
loads with those specified are given in Figures 38 and 39. They

are self-explanatory and need no further comment.
Conclusilons

Specified tail load design loadings should be revised up-
wards. This is particularly true of leading edge loads, which

should be at least doubled for thick sections.

Langley Hemorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., March 189, 1930.
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TABLE I. Characteristics of PW-9 Airplane

Span of UDPPET WINZ ceeveresernennncasnnnnnnnn 32 ft. O in.
Span O0f LOWET WIZNE «eveeeeeecnncnsacnaennanns 23 " B-.3/4 in.
Centric chord of Upper WiNng* ..ceveveceeve.. . 5 3-1/4 "
Distance from center line to centric chord .. 7 " 10 in.
Centric chord of 1loWer Wing «.ececeeveeeecenn. 4 g6 Y
Distance from center line to centric chord .. &5 O 7-3/8 in.
Gap o-cens Sesesastaonceravennsacasoas eecenen . 52 in.
BEaE T ™ ittt eerianenoanacencncoasanancanns ~ +2° 23!
Dihedral (upper wing lower surface) e........ 1° s
Dihedral (lower wing lower suTface) ....oc... 1° 23!
CeGe position, aft leading edge of root

section, 1OWET WillZ «ivevencceronancans . 18-1/4 in.
C.G. position, above lower surface root

section, lower Wing ........ Ceeieenaen .- 23-3/4 .
Distance from C.G. to center line of elevator

BITIEE ve ettt teeenoerenenenoanoaneoannans 14 ft. 11-5/8 "
Distance from C.G. to center line of rudder

hinge .veeveeeenn e et . 15 " 3-.5/8
Area of UppPeET Wing cccsevecerieccrossosansss +. 160.4 sq.ft. -
Area of lower Wing ..vvveeeniiivenennnnanes .o 80.8 "
Total WING 8T8 ceeiverearancnoreinnencaannans 241.3 "
Area of horizontal tail surfaces s......... .o 32.84 n

*Centric chord is defined as the chord passing through the cen-
troid of the plan form of that portion of the wing extending

from the root to the +ip.

**Stazoer measured at a section parallel to the plane of symmetry,
and passing through the centroid of the plan form of one lower
wing between a line perpendicular to the chord of the upper wing
and a line drswn from a point one-third chord length from the
leading edge of the lower wing to a point similarly located on
the upper wing.
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10
Area of vertical tail surfaces ...veeeien.o.. 10.74 sq.f%.
Weight of airplane during tests ............ 2970  1b.
Rated horsepower at 3000 TeDeMe seveevenan. . 375
POWET 10BAINE v evrerrenneecernonensannennns 7.92 1b./hp
Wing 108QiNg veveerrneenrnennnecnnnneennens . 12,3 1b./sq.ft.
IX S ® 5B 5 8 S U S & s 4 L LT GO LSS G S G e e e B B E s s 1697.0 slugS“’ftue
Iy ettt ittt te e 1875 (approximately)

i

R R R I 2600 !



TABIE II. Tail Summary
Initial{ Time Herlzontal Surfaces Vertical Surfaces
air Total Total Loca~ |Total Total Loca~
Run Maneu- | speed | (sec.) normal| Average |moment| Mayimm | tlon |normal Average | moment| Meximum | tion
ver |m.p.h. force load |sbout | presgure| 0of [force | 1opd about | pressure | Of
No. hinge maxi- hinge mexi-
1b, {1b./sq.ft.|center|1b./eq.2t{ mm | 1b. |1b./sq.ft. center|1p,/aq.ft,| mm
line pres-— line pres-
1b.ft. sure 1b.f%. sure
130 pull-up| 116 1/4} -220 ~14.7 - 58 | -32.7 0~4
1/21 -124 - 8.3 160 | -~33.8 0-4
1 08 6.6 285 B84.7 §-1
1-1/21 108 7.2 295 64.0 §-1
131 pull-up| 126 1/4] ~199 ~13.3 - 89 | -30.2 0-4
1/2| -119 - 8.0 86 | -38.5 ¥4
1 57 3.8 309 83.3 ¥-1
132 pull-up| 137 1/2 | -206 - 13.8 24 | -41.6 04
1-1/2| 48 3,2 186 64.4 -1
133 pull-up| 149 1/4| -319 - 21.3 9 1 -43 N-4
1/2| -155 - 10.4 120 | -46 0-4
1 56 3.7 158 60 §-1
134 pull-up [ 154 1/8| ~343 - 22,9 | -133 | -54 N~4
1/4| -211 - 14,1 | -582 | -56 0-4
5/8| 182 10.8 486 | 137 N-1
135 pull-up | 163 3/e| -290 - 19.4 84 | -60 0~4
7/81 177 11.8 525 | 134 §-1
136 pull-up | 172 1/4] -2%5 - 18.4 -97 | 45,7 N-2
5/8 2.4 2 24 -6 N4
7/8] 200 13.4 540 | 156 F-1
137 pull-up| 181 1/8 | -453 30.1 | -164 | ~65.5 ¥-4
3/8| ~258 - 17.3 270 | -65 N-4
1 224 14.9 600 | 176 ¥-1
200 pull-up| 108 1/4| -165 - 11.0 | - 46| -24 N-1
power 1-1/4| 70 4.7 206 56 0-1
of f

LE8 "CN ejoN TEoTUMdeL *V'D'V'N
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TABLE II. Tail Summary (Cont.)
Iwitial! Mme| Horizomtal Surfaces Yertical Surfaces
alr Total Total Loca~ |Total Total Loca-
Run [Maneu- | soeed |(sec.)| normel | Average [moment| Maximum | tion |normal|Average moment| Meximum | tiom
ver m.p.h. force leoad agbout | pressure| of [force | load about | presbure | of
¥o. hinge maxi- hinge maxi-
1b. [Ib./sq.ft.|center|lb./sq.ftJ mum | 1b. {1b./sq.ft.|center|lb./sq.ft. mum
line pres- line pres-
1b.f%. sure 1b.f%. gurs
209 |[poll-ug 139 | 1/4|-192 ~12.9 - 53 | -34 -4
vower] 1 42 2.8 190 76 0-1
off
213| aive| 308¢| 12 | -395 ~R6.4 -430 | - 97 ¥-1
215 jpugh- | 186.1*13-1/2 | - 50.4| - 3.4 ~520 | - 78 ¥-1
down
222iright | 167%**| 1/41-359 -24.1 230 | -48 | W2 | - - - - -
roll 1/2{-197.6 | -13.2 -~22 | -4 H-4 | 268 25 123.2 52 5-3
1 3fal - - - - - | 228 21.1 52.5 55 Q-3
11 97.5 6.5 305 69 0-1| - - - - -
2-1/2 | 364 24.4 300 55 0-1 | - - - - -
225 |left | 163%%%| 0O - - - - - 2.6 2.1 15 13 R-4
roll 1/4|-349.6 | -23.4 390 -40 F-2 | - - - - -
/2 - - - - - | 174.4] 16.2 55 ~34 5-3
3/4 |- 28 - 1.9 ~160 73 0-1 |-168 | ~15.6 ~10 -39 5-3
7/8| 98 646 450 -54 ¥4 | - - - b= -
1 111.6 7.5 ABE -49 N-4 [138 | -12.8 ~40 -35 Q=3
226] dive [ 260* 15% -458 ~30.7 224 | -133 -1
pulli-
236 fr‘;t 250 33% -324 -21.7 -850 | -~ 88 ¥-2 | 294 27.4 ~43 20 5-1
dve

g *ON ©jON TBOTUIReL "V'O'V'N



TARLE II. Tail Summary (Cont.)

Initisal Time Horlzontal Surfaceas Yertiecal Surfaceas
alr Total Total Loca~t Total Total Loca~
Run | Maneu- | speed {sec.)| normal Average | moment| Maximum | tion | normal! Average |moment| Maximum | tion
ver m.p.hd force load about | pressure | of |force Joad about | pressure | of
¥o. hinge maxi- hinge maxi-
1b. [1b./sq.ftJ center|lb./sq.fts mm | 1b. [Ib./sq.ft.|center1b./sq.ft.| mm
i line pres- -line | - pres-
Ib.ft, gure 1b.ft. surse.
315%*| pull-up| 114.5 1/2|-821.6] ~R21.5 | - B0 | -44.,2 X~4
' 1-1/8 81.8 5.5 276 75 X-1
1-1/4] 146.8 9.8 359 75 Z-1
1-1/2| 186.8| 12.5 207 52 X-1
316%% pull-up| 149.8| 15/16(~-451 ~30.2 - 46 | -53.6 V-1
1 ~400 -26.8 60 | -82.4 X-4
1-5/8] 217.6| 14.6 480 | 121 X1
1-3/4| 219.6| 14,7 410 117 X1
32%#*%| pull-up| 121.5| O - 72 -'4.8 -104 | -21 7-1
. 1-5/8] 98B.4 .6 287 68 %=1
J24%x pull-up| 148.5| O -120.8{ - 8.8 245 | -30.2 W-1
1 147.2 9.9 341 93 3-1
B26%%*| high~ - 4 ~-498 -33.4 ~706 | -148 X-1
speed
dive

*Air speed at given timing 1ine.
**Pressures recorded on lefit.horizontal tall surfaces.
**¥Approximation air speed.

A28 "ON 990 TwoRmosy “V'O'T°N
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Fig.39 Comparison of most severe vertical surface Rib lo

with specified loads.
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